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PURPOSE: To provide a radiation sensitive material which can be used in 
lithography taking an exima laser as an exposure source, and which has 
high sensitivity and excellent adhesive property as well as excellent 
transparency and etching resistance by forming the material by a specified 
copolymer and a material caused to generate an acid by radiation 
exposure. ^ „ 

CONSTITUTION: A radiation sensitive material is formed by a copolymer 
expressed by the formula and a material caused to generate an acid by 
radiation exposure. In the formula, R1 and R2 respectively indicate CH3 or 
H, and at least one of R1 and R2 is H. R3 indicates an alkyl group, and Y 
indicates the alicyclic series. The unit structure having the alicyclic series 
in the copolymer is preferably 40-70mol%. If the composition is under 
40mol%, satisfactory dry etching resistance can not be obtained, and if it 
exceeds 70mol%, t-butyl unit which is photosensitive is few so that 
patterning is difficult 
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mo i%^ftnu/c 0 aS8o°cr^j8B#pas^ 

[0 09 6] 
Hfc7 8] 

H 



CH3 

o-c 
o 



ch 2 — c4-~ 
o=c 



I 

CH3-C — CH3 
I 



CH3 




S + SbF 6 " 



10 



20 



r^3ftSfflJSfcJt5 8:42, tgy^g (Mw) 
5 10 0, #ffcK (Mw/Mn ) 1 . 4 3 

[0 09 7 ] 30 
Mb7 9] 



>?-*>*l 5wt%8HnbT. ^^P^*1f-/>«?R 

Ufc^#9v^«f»ra«Stifc»>*w%±«co. 7/i 
mSfciffi^ *^h^u-nriag6 0'a 100 
#n©^y^-**tfofc. 40 

[0098] C^bt^tl/c^x-AKoU^hK 
£K r Fx+S/7^f?;l N A = 0 . 4 

5)r**Lfc«, SS10 0U 6 0#HOPEB 

(Post Exposure Bake) £fro/c 0 T^^/U* 

SOHfilx*^- Eth«50mJ/cm l "C* o /c„ 
S/«^!t»gt 1 3 0m J / c m 2 0. 4 5 
Mmi)gcDL&S (line and space) — >£r^U/c 0 
[Hife^I 2] 7^«JJ«7^>^y7iy^>; 50 



#P!J¥7-2 34 5 1 1 
56 

r ;;«t-^W^44l : irf±ii*. 5mo 1 
2 0 mo l%85jJD0/c o *0D». fiJS8 0 # C-C»8l^n 

[0 09 9] 
[ffc8 0] 

H CH3 



I 

CH3-C-CH3 
I 

CHa 



T*%3tl*&j£Jt5 0:50. Ufi^ft4 1 8 
0. 01UK1. 5 9©*»£##Sfi6tl/c. C©*'J7 
o^^^KWtt, !S53-#f«:j;Si9 4*cr*->fc„ 

[0100] 
Mb8 1 ] 



(■ 




S + SbF 8 " 



3 



i 5 wt%mmLx s ->?a^*ry*s>mm 
ofc^^^^ijiTtasn/Ox^itco. 7m 

mJVKj&ffiU h^U- r±T*fig6 0'C % 100 
[0101] C^Lrf#6ti/c^^-^±(DU^XhM 

°C, 6 0f3>ffl©PEB*ffo/c. ^or, 7^*7 y*» 
«T*«NMD-3*ffll?r6 0««S«l/. *6*t?3 

o#s';>xb/co c©t*©jias««©wfiii*iu*' 

-Eth«8 1 m J/cm J -C*o/c 0 £/c, JBIR^W 
0. 5 0 MmBCDL&S^£->£^L/c e 

3 ] 7* 'JJHT^^^Wyvtr^ y 
;^t-^;l/*y7<i:Jl : 1 rfltii*, 5mol/ 
lOF^x^Ktim l^SHiltAIBN 
£2 0mo l%SS»nL//Co -ecDf*. SK8 (TCrfa8B$ 

it. ^<Di&m. m&jK 

[0102] 
Ut8 2] 



(30) 



57 



H 



H 



H CH2 -?"W CH2 -?Hfe 



o=c 
o 



o=c 

I 

0 

I 

CH3-C-CH3 

I 

CH 3 



-Cfjk$tl^>mmtb4 7:53, SB¥J8#?*4 6 1 

[0103] 
[it8 3] 



(• 




s + swv 



Ltcstf? v?fflmvWZ2titc<yx.-^±tfC0. 7 m 

m/icc^u ^^F^u-hirsseou 100 

[0 10 4] C 5 LX&btltcV *~^±<DlsV>A hm 
°C, 6 0#rBl(DPEB^fo/c 0 fclOT, T)\siJ*)?km 

-Eth»3 7mJ/cm 2 r$)^ (giMO. 50m 
m L & S ; £ - > £7rc 0 /c 0 

nmm i] y^^'j^ir^^/viy^ 
i/i©hjbx>»«&u a^ea^ffjiLrA i bn 

%20mo l%8SJWLfc. SIS 8 0 °Cr ft 8 B$ 

[0105] 
Mt8 4] 



CH3 



CH 3 



-f cH2 -?-y- cH2 -H 



o=c 



i 



CH3-C-CH3 

CHa 



-CfskZtiZm&ltb 9:41, WH«&5S«3 3 5 
1 > »»S 1.31 ©*«^(*#»6*lfc. co*y ^ 



10 



20 



30 



40 



«fHPF7-2 34 5 1 1 
58 

[0106] 
Clt8 5] 



(OH-" 



1 5 w t%miMLX, is?n^*y'S>mm 
<hU/Co COgffi^t^a-FSWOA-F^-i' 
Lfc^^^^Wflirttasti/t^x-^icco. 7 m 
m»CC&*U *?F^l/-HfllS6 0 , C 1 100 

[0107] C0Lrf#6ti/c^x-^±CDlx^^ FJK 
*KrFi^7Xf^<n*Lfcft SSI 0 0 
•C, 6 0#HI<DPEB4tf ofc. TJl/^U*^ 
jgt*6NMD-3»t6 0^fW^ «*-C3 

[Jfc«W 2] ^^'J«T^>my7(!:p(^ 
i"j;bgt-^;^yvc*l : 1 rttii*, 5 mo 

*&P»&S!liOTA I BN 
£5mo l%^»nU/c 0 fflffi8 0*Crffi8B$|ffl 

a^u/co a^ttra. ^>^-^r««fiw*tfo 
/Co tgj&s 

[0108] 
[It8 6] 

CH3 CH3 

-4 CH 2 — C-)— {- CH2 —C-\- 

o=c o=c 



1 

CH3— C — CHj 
I 

CH 3 



t^3t»*«JiStt4 7:53. HfWi 1900 
0. #tfcgl. 5 l<D««£##5f#6tt/c,, C©tf'J-7 

[0109] 
Hb8 7] 



(• 




S + SbF 6 " 



50 



ml{C^U. h7"U- h±r»K6 0°C. 100 



(31) 



59 



£K r Fi+^fii '*V&ytl>tc&> j&glOO 
•C, 6 0#R8<DPEB£*f-?A:. i&<,>T> TWJfciS 

OfttBU^Lfc. C<D<b£. MWiSfil0 2mJ/c 

[HiStfd 4] y^^^^jUT^v^^i/^eyv 

i> ZfVJl-mt -/^K/vtl: 1 : 1 "Cftji*. 10 
5mol/l©hJH>MiU M^rateSfliLTA 
I BN42 Omo 1 %W$lJQLtc* *<D'&. fig8 O'Ct 

[0 111] 
[ffc8 8] 

H CH3 

o=c o=c 

6 6 20 



CH 3 



I 

CH3— C — CH3 



1 

CH 3 



T^$nSffl^tb4 7:53, 11¥^»T13 6 5 

[0112] 30 
[{b8 9] 




S + SbF 6 ~ 



>3^>£ i 5 wtstfasflnur, ^u^+if 

mWte&ffiU h:7u- h±Tfiffi6 O'C, 100 
fjfifl CD ^ U * £ ft r> /Co 40 
[0 113] OLX'm^titc? *-^±CDU^XMK 
?:K r Fit^Xf^^tS^im figlOO 

°a 6 o#Ph1(dpe B^tTo/c. t^vtKS 

-Ethtt8 lmJ/cm J t*o/c 0 f#e>ft/c«/NR« 
0. 3 5 Mmi}§CDL&S'Cfe-o/c 0 

mol/lOh^SStU, a^BateffJiOTA I 50 



«H¥7-2345 1 1 
60 

BN£2 0mo 1 %miJQlstc 0 Sg8 0°CT&> 

[0114] 
[<t9 0] 

H H 



i 

o=c 



CH 3 



i 

CH 3 -C— CH3 



I 

CH 3 



■&f;$tlZm&tb5 0:50. Sfi¥i*J#^fi4 0 5 
©*/?*««SlStt> *S»*ftcJ:4i4 7 , Cr*ote. 

[0115] 
[{t9 1 ] 



(■ 




S + SbF 6 " 



3 



>*"=e>* 1 5 w t%8&flIIOT % 5^P^*1f >>>jgi8 

m«K:*#U h^U-h±rS@[6 o°a .10 0 

[0116] C5 ltf#^n/c^x-Ai(DU^ Ml 
^KrFxtV7Xf 7ArS*lW^ SSI 0 0 

°a 6 o^PbIcdpeb^t o/co «i>t. r^y** 

«r**NMD-3*fflC^r6 0«ffiI3H«O, $6*7 3 

-Et*tt8 lmJ/cm 2 t*^ 0 S6ftfc*/NB* 
— >tt % 0. 3 0 umitlCDL&Sr*>o/c 0 

[it«W 3] y 'J;bi7^v>^y7i^ * 
ZVJimt -7*)l*:S~?±&3 : 7"Ctt&*. 5 mo 

i/i©h;i/x>Mil, i^WibrAlBN 
£2 0mo l%$8ft]0fc. fiK8 0 °CT*#J8 B# 

[0117] 

Mb0 2] 



(32) 



61 

CH3 CH3 

-f CH2 -?-fei CH2 -?"t 
o=c o=c 



I 

CH3— C — CH3 

I 

CH 3 



T7n3ft&fflfiRJfc3 0:7 0, 11?^^18 4 0 

0. 6 1 ©ftl^|#6n/c 0 C<D#V~? 10 

[0118] 
[<b9 3] 



S + SbF 6 " 




>^>^15wt°/o^ft]lt, ^^P^+ty>M 20 

m/Sfc&fliU h^U- h±rSS6 0°C, 100 
#f|(D7' y ^ o /Co 

[0 119] C 5 LtS6h/Ox-A_bfl[)l/y^ H 
4K r Fx^>"7Xf7^rS*Wcfl SJglOO 
°C V 6 OfWBKDPE B%tf o/c 0 iROT, T)l<XV7ki& 
$r*^>NMD-3?:ffll^6 0#Wl, *«7fcC3 

o»ray>^Lfc. cvtzommmmcommx*^ 

-Eth«8 lmJ/cm 2 t^o/c 0 C CD<b t^o Tl> 30 
fc*/MB»A'ir->B0. 5 0 /zm«<Z>L&S"C*9. 

[HJfiffi 6] ^3?^ i Jj«r^7>^w/7i^^ 

fVJimt 2 ? V )im£Z2 : 1 : 

1 ©SH^Tftii*. 0. 5 m o l/lOl, 4 - 
U*> < 1 , 4-dioxane) Mi U MSmfeftl 
tLXA I BN?:2 Omo 1 %miMU1t. *<D». 

8 o°cr^8B#p^s^L/c 0 m^»7fk n— ^+tf> 

(n-hexane) rftRffiStetTofc. *CDfe£. 
*HSj£ 40 
[0 120] 
[<b9 4] 

CH 3 CH 3 CH 3 

o=c o=c o=c 



0 
I 



S3 



o 
I 

CH 3 -C-CH 3 
I 

CH 3 



1 

OH 



«H?7-2 345 11 
62 

r^3*lS«JSRJt5 9:2 7: 1 4. fifi¥^T-S6 
2 4 2, »»K2. 1 4©=7cft*^«*J» e>n/c 0 £ 

[0121] 
Ub9 5] 




S + SbF 6 " 



>^>£ 1 5 w t%mtinLr. is^a^y-sy^m 

[0122] LTf#e>n/c^ x-^i(DI/^ hJg 
?:KrFx+^f-^ATMum SglOO 
U 6 0fMH<DPEB*ffofc. ttl^r, TtotJVXm 
it*^NMD-3^T6 0#nitl, «*T3 

-Eth^l0 0mJ/cm 2 -e*^ B§M0. 45 
u mifi(D L & S - >&vkLtc 0 
mmm 7] ±W»«6CC*j^r»6tifcl um<D 

[J:fc&#l 4] ^^^■;;H7^>^^y'7i7^ 
y^it-^JRyvi?:l : lrftiA^, 5mo 1 
/10h^>««iU S^HMteSOiLTA I BN* 
2 Omo l%SSJJDL/c. ^CD^L ©^8 0°Cr^j8B$Pi 

ft. *<D&m, ansa 

[0123] 
[fb9 6] 

CH 3 H 

-(-CH2— C- 



I 



CH 2 — C-i- 

Z 1 '42 

o=c 
o 

CH3-C— CHa 
I 

CH 3 



•emZft&imLikb 8:42. Il¥^f5 1 0 

[0 124] 
[ft9 7 J 



50 



(33) 




63 

S + SbFe" 



1 5wt%SWJD0-C, is? n^+l^ >jg?g 

Ufcy^7^ : 5'«fl§'C«S$n/c 1 ?x-MjbtC0. 7 m 
mJ?(c«£flJl/. *y h±rSS6 0°C. 100 

[0 l 2 5 3 c^orff <=>n/ci7i-^±cDix^x io 
*KrFx+->7^f-;ATg*Lfca, figl 0 0 
°C. 6 0#R8©PEB£?t-?/c o i&t,>-t. 7)i>*>>}7kfe 

0 9ffi 'J>xifc, c © £ i* ©M*f*£S©gSfif * * ;U 
-EtKJ5 0mJ/cm"CabO, 0. 45ymifi©L 
ftSAJ-^iaOmJ/cm'tiilfc. 1 Mm 

4 5#fBJfifcgbTPEB£tT-?*:<bC3 > /^->±SP 20 

?V)l>mt -^M/7iy Z?iJ)l>mt&2 : 1 : 
2©gJ£rtti£#. 0. 5mol/l©l. 4-^* 
•^>^£L. a^ia^Jil/TA I BN<&2 0mo 1 

Kijsinofc. -€•©&. ass o-cr^8B#raa^Lfc 0 
mm* 

[0126] 30 
[<b9 8] 

CH 3 CH 3 CH 3 



I 

o=c 

» 

o 



o=c 
o 



o=c 

I 

OH 



CH3-C— CH 3 
I 

CH 3 



T^Sn&ifflJ&JtS 3:2 7:2 0, M¥^^i4 

523, #t*fi 1 . 9 2<D=^m^mnwhntc 0 ,x 

[0127] 
[ft9 9] 




S + SbF 8 " 



40 



#19^7 - 2 3 4 5 1 1 
64 

^ f«flg-C»S^n/ci»^-^±{C0. 7 m 
mJVtC&ffiU hT - !/- h±-CiSSl 3 O'C. 10 
0 ^mo V V -< - * £ f f o fc 0 
[0128] C5UTt#e>n/c5x-^±©Ut?* 
£K rFit^f^^Sfl/fcfl. SSI 3 0 

*c. 6 0W©PEB«T-5fc„ t;u*7 HTkig 

iTMNMD -3*20 {gS©*fi7krfi«>/c?§f&it 9 
OfjfflfitiROT^HRU M(Cfsfi*-e3 0#raU>XL 
fc. C©£ #©Mlt^S©B9filx^;U4 £ "- E th(* 5 7 m 
J/cm'-C**). JgfftfjttO. 3 0 ymifi©L&S^ 

[ib^ 6 ] y at y;«7^v>^i' ; e^viy £ 
i"; JU&t -^fJRy7i^ $^»;jI/K£*2 : 1 : 
4©fH^-C{±ii^. 0. 5mo 1/101, 4-^** 
y>im±L. fi^^PJiLTA I BN£2 Omo 1 

%muaLtc. •€•©&. u&s o-c-c^s^rafi^o/c 
mmx 

[0129] 
[ft 1 0 0 ] 

CH 3 CH 3 CH 3 

_| CH2 -6-j-fcH 2 -C-y-CH 2 -C^ 



o=c 

I 

o 



o=c 

I 

o 
I 



o=c 

OH 



CHs-C-CHa 
I 

CH 3 



-C/T^nSffl^KtU 3:31 : 3 6. «S¥^T-fi4 
115. #ffcgl. 9 5©H7C««^<*^ff6nfc 0 £ 

[0 13 0] 
[Yt 1 0 1 ] 



(■ 




S + SbF 6 ~ 



Lfc^^^^f^fli-e^iS^n/c^^-^jbtco. 7m 

mJVtC&ffiU *^7'I/-h±tiaai3 0'C, 10 

[0131] c?hxnhtifc^ *->^±.<di>v>x vm 

£K r Fx+^X^^A'tgfofc^ SSI 30 
°C. 6 0#RI!©PE B^T^fc. i^T. 7)Vft<)7k& 
it*SNMD - 3 * 2 0 fgfi©;ft*-cSta&)rdgigK: 9 
0#^azSU/c<bC5. 3 0#TUyxh®«*l 
tc. 

mmm q ] 

[0132] 



(34) 



65 



[ffcl02] 

CH 3 CH 3 CHa 



I '53 * | 

o=c o-c o* 



CH3-C-CIH3 
CH a 



I 

= c 

I 

o 

CH2CH20H 



vmZtlZ>mj&kb5 3:44:4. Sa¥^J^fi8 8 10 
00.#«fcgl. 8 4©^ '))V&T# J 

[0133] 
[fbl 0 3] 



(■ 




S + SWV" 



1 5 w t%8MjflOT, ^#n^*if^>*gg! 20 

±rS^6 0°C, 2 0#ffl<D^-^£?fC^ fSO. 6 
5 mnCDU^X hJ§£0j£O/t e 
[0 134] C^Ltf#WdU^M?:KrFi + 

^vxf^A-rg^iwi Mi 3 era 60#P^cd 

PE B£ff ~>tc 0 m^>X, 2. 3 8%<DTMAH (r* F 

/Co C<D<h£, mmmmi 1 0mJ/cm 2 t, 0. 4 
limm<DL&.S^Z->*MmLtc 0 30 
[Xftffl 1 0 ] tit£j£ 
[0135] 
[ftl 0 4] 

CH 3 CH 3 CH 3 

o=c o-c o=c 



o 

I 




0 o 

1 I 

CH 3 -C — CH 3 CH2CH2OH 

1 

CH 3 



vmZtiZMmttAr 8:40: 12, MMW-^^-MS 

400, #tfcgi. 9 ±<d* zt> v^mr^^y^^- 

[0136] 
[<fcl0 5] 



40 



»7-2 34 5 1 1 
66 

>fO?rl5wt 0 /ottOt, ^*P^*1^>ig$ 
*ISSU/c 0 CtliHMDS^Ml/cSi-?.:^ 

±ec&*su *v vvv- h±xmg.e o°c, 2 0^1 

[0137] Z^lsX'&htiicVlsX FMKrFi + 
Vv^f*^^-CS7£U/cf*, SS13 0°C, 60*miJ<D 
PEB^rtfo/c ^C^T, 2. 3 8%CDTMAH*?S« 
X?lftmm&l>tc 0 CCDtZ. Mii4 0mJ/cm 
2 T\ 0. 4 umipgC7)L&S^-^->^^mi//c 0 

[tb«W 7 ] flft&S; 

[0138] 
[it I 0 6 ] 

CH 3 CH 3 

o=c o=c 



o 

I 



o 
1 

CH3-C— CH 3 

I 

CH 3 



X'm2ti2>Mf&bt6 1:39. 7 9 0 

0. #ifcKl. 8 2©yfJ";^i7?v>?A-y^ 

[0139] 
[{bl 0 7 ] 



(• 




S + SbF 6 " 



Ucy*7 ^^^fltr^gfsn/c^jcw^cc^u, 
f^u- nriag6 o°a 20 am©'*-***? 

[0 140] C 5 UrS^hfcl/^ KI4K r Fx* 

j/^^tirAtijtLkft, ssnoou eofwio 

PEB?:tfo/c e JftOTT, 2. 3 8%<DTMAH*iS?g 
tl^nitl/c. C(D<b#, M«It3 8 0mJ/c 
m l "C\ 0. 4 um(M(DL&S^Z~>iffi»Utc 0 0 

[HSfe^l i i] ^^'jj«r^7>m>/7i^ 

[0141] 
»tl08] 



50 



(35) 



67 

CH 3 CH 3 
CH3— C N =N— C — CH3 



CO2CH3 



I 

CO2CH3 



£2 0mo l%mMbtc 0 iSS8 0 

'c-cmsmmmtm-SLtc. s-£&7&. szs-fo-c 

[0142] 

Kb 1 0 9 3 10 

C H 3 CH 2 C02C(CH3) 3 
0=C C02C(CH 3 ) 3 

1 

o 




•CtnZtiZm&tb 9:41, fiS¥#l#7-fi9 3 5 

CO 1 4 3 ] 
[{bl 1 0] 




S + SbF 6 " 



il//c. C©M4^ b'>3- hSK-tO HMD SMI 
IfeSi-Ji-AlKO. 1 ummtcWfiL* fry Yrf 30 
h±-CSK6 0°C. 1 0 OfflJHD^'J^-f&ft -> 

tc. 

[0 144] cut»Wc)i-Ai©uyxn 
£K rFxt->7Xf-^<tS*im SSI 0 0 
•C. 6 0W©PE B£tf -?/t. ^OT, T;U# 'J7k?g 
«t*4NMD-34ffit,>t6 0Wltl, «*-C3 

-Eth5i5. 6mJ/cm'r*ot. &tc. M&t> 
«. 7mJ/cra'tO. 4 5 u mi|i§©L& S^H-y 

L.tco 40 
[tltm 8] y 5?i";^T^v>5 1 jU^eyvt^ ^ 
9V)Uk*st v<b£ 1 : l-Cftii*. fi£ 

[0145] 
Utl 1 1 ] 

CH 3 CH 3 
CHs— C N =N— C — CH3 



I 

C02CH3 



#H¥7-2 3 4 5 1 1 
68 

[0146] 
[fbl 1 2] 

CH 3 H 

o=c o=c 

I ■ 

o o 



S3 



CH3-C-CH3 
I 

CH3 



-CtrsZtlZmmtS 9:41. fifi^»^fi6 0 6 

1. 2 4©*fi^*if#e>n/c 0 aae, c-5 

[0147] 
[fbi 13] 




S + SbF 6 " 



3 



>^*>^l5wt°/o^ftilt, s^n-M^^a 
il/c e C<D»«*Xbf>n- hffiCCJ:OHMD'Si 
U/cS i ^;r-^±CC0. 7 MmJICt^fcU * h ~f 
U- h±rSS6 0 6 C, 1 0 0ffi$<D7V o 

[0 14 8] c^orf#6n/ci;x-^±cDu^xhjg 
§KrFi^^f^A'«L/A SSI 0 0 
°C. 6 0#R8<£>PE B*tf o/Co ^l^r, T^*y*S 
*"C*SNMD-3«:fl|C*r6 0»IB3««L/,- *«*-C3 

-Eth«2 5. lmJ/cm l> C*-3/Co £/c, 8?«#J 
tt. 4 1mJ/cm 2 "C0, 5 ju m*I<DL& S^#-> 

[0149] 
Utl 1 4] 

CH 3 GH 3 
I I 
CH3-C N =N— C — CH3 



I 

CO2CH3 



CO2CH3 



I 

CO2CH3 



T**3ft£MA I B£2 Omo 1 %mtiQLtc 0 *:<F>'\k. 

[0150] 
[<tl 1 5] 



r/jxShSMA I B£2 Omo 1 %8S»lLfc. 50 



(36) 



69 



-(-CH 2 — C-} 



CH2C02C(CH3)3 

I 



-C^3ti6SS¥^^fi6 0 6 1. tmmi. 24© 

Bl»*»l 4 I/TUBS* 
[0151] 
[ffcl 1 6] 



(• 




S + SbFe" 



>^>*15wt%iJDbt, >^n^*if 
iWc 0 C©iS«*Xtr>=i-hffitcJ:OHMDS«iffl 
L/cS i ^x-^iKIO. 7 MmWC^fiiU t>->/ h7* 

/to 

[0152] C5 0Tf#6n/c?*-^±©U^X hJg 
£K r Fx^>7Xf ?/<tl|*Lfca, SSlOO 
°C, 6 0#lffl(DPEB*fTofc. gfct>T. T)l>*JV?kfe 

«r*SNMD-3*ffl^reoWH3H*L, **fi*r*3 

-Eth«7mJ/cm 1 r*o/c 0 )B«*B, 1 

lmJ/cm 2 rO. 5 m mif§OL& S ^£->£7nL 
/to 
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